Percutaneous liver biopsy complications 2.1 Pain
The most common complication is pain at biopsy site and shoulder and usually dull, mild and brief. A study using the visual analogue scale confirmed that the procedure is distinctly unpleasant, with 20% of the patients indicating that they experienced severe pain and approximately 1-5 % of the patients requiring admission from pain and most recover with only supportive measures. Ongoing, severe pain in the abdomen should alert the physician to the possibility of a more serious complication, such as bleeding or peritonitis. (3, 6, 7, 8, 9, 10) The overall frequency of pain requiring analgesics appears to be around 30-50% in patients not receiving prebiopsy medications. (7, 10) Outside of frank trauma to adjacent organs or severe bleeding, the mechanism of postbiopsy pain is uncertain and the biopsy site pain is likely to be a nociceptive pain that originates from the skin, the nociceptive innervated liver capsule, or both and high anxiety levels have been shown to exacerbate acute postoperative pain. (10, 11, 12) The right-shoulder pain after liver biopsy is well known but has never been fully characterized. In other words, pain in the right shoulder begins, reaches its peak, and subsides together with the biopsy site pain. This may indicate that the right-shoulder pain is likely to be a viscerosomatic referred pain, r a t h e r t h a n a n i n d i c a t i o n o f a s e v e r e complication, such as intraabdominal bleeding. (13) It has been noticed in 2 studies that women tended to report higher pain level than men at all time points tested, the cause for the sex differences in pain perception is unknown. (13, 14) Analgesia before liver biopsy is usually avoided due to worries of masking pain that might indicative of abdominal symptoms and complications and still no consensus as to pain prevention and treatment for patients undergoing liver biopsy. The practice of conscious sedation is variable, the midazolam-treated patients had a numerically lower mean pain score and significantly lower mean memory score than the untreated patients. (15) It was noticed in the study by Brouillette DE et al, that patients receiving midazolam admitted to experiencing less discomfort during the biopsy procedure and had less memory for the procedure. More importantly, 79% of those receiving midazolam stated they would have little or no trouble undergoing a subsequent percutaneous liver biopsy as compared to 55% of those given saline. These data suggest that midazolam reduces subject anxiety and perceived discomfort before and during percutaneous liver biopsy produces partial amnesia for the biopsy experience and thereby may improve patient acceptance of follow-up liver biopsies. (16) One possible way to improve pain control is to assess the anxiety level before the procedure, to adjust the dose of the anxiolytic drug accordingly, to add conscious sedation to those who are at a high level of stress, to infiltrate the biopsy site with long-acting local anesthetics, and to administer adequate analgesics for as long as needed. (13) 
Bleeding
Of the serious complications, bleeding post liver biopsy is considered to be the most common cause. Bleeding is usually presented as subcapsular or parenchymal hematoma, free intraperitoneal hemorrhage, hemobilia or rarely hemothorax.
Most complications and, in particular, hemorrhage and bile peritonitis, will be recognized within 4 hr after biopsy. Delayed bleeding has been reported as late as 15 days after biopsy. (17) It has been reported in two large studies of patients post liver biopsy that bleeding occur in 0.32 -0.35% with morbidity related to hemorrhage of 0.24 % and around 0.11% had mortality from severe bleeding. (5, 18) It has been found in some series that malignancy, cirrhosis, older age, and more than three passes were predictable risk factors for postbiopsy bleeding. (5, 8, 18) Subclinical bleeding in the form of subcapsular or intrahepatic hematomas can be seen in up to 23% of patients and this is usually detectable by ultrasound 24 hours after biopsy. These hematomas are generally small and are not associated with significant hemodynamic compromise. (11) The initial indications of bleeding are right upper quadrant abdominal pain that require analgesia and changes in vital signs with drop in blood pressure and rise in pulse rate. (19) Most cases of fatal hemorrhage especially free intraperitoneal resulted from perforation of portal or hepatic veins or aberrant arteries. It may also occur as a result of a tear in the liver when the patient breathes deeply during the biopsy. (20, 21) Free intraperitoneal hemorrhage can occur in 0.32% and this can be suspected clinically when the patient experienced abdominal pain, hypotension and tachycardia and can be confirmed by ultrasound or computed tomography. (22) Hemorrhage usually stops spontaneously and patient is managed by measures to improve the hemodynamic status with intravenous fluids and blood products if needed. If bleeding is severe, selective angiography of the hepatic artery, besides establishing the diagnosis also provides the opportunity for embolisation or balloon occlusion of the segmental artery involved. (21) Surgical exploration is indicated if hemodynamic instability persists despite the above measures and the laparotomy rate amongst patients who bled range from 6% to 25%. (21, 23, 24) The least common of the hemorrhagic complications is hemobilia and in one study by Piccinino F, et al reported 4 patients with hemobilia out of 86,276 liver biopsies. Hemobilia is a term first used in 1946 by Sandblom to describe bleeding into the bile ducts. (22) Hemobilia usually suspected when a post procedure fall in hemoglobin is associated with the classic triad of abdominal pain, hyperbilirubinemia, and unexplained gastrointestinal bleeding with average onset of approximately five days after biopsy. (3, 5, 25) The bleeding is usually arterial in origin and can be venous in patients with portal hypertension. Biopsy can induce hematoma or pseudoaneurysm into bile duct and delayed bleeding can occur from gradual dissolution of that clot, while acute bleeding which is less common is secondary to simultaneous perforation of intrahepatic bile ducts and blood vessels. (25) Clinical presentation ranges from chronic anemia to rapid massive bleeding with hematemsis and/or melena and rarely patient may present with only hematochezia. Diagnosis is usually suspected in patients with history of recent liver biopsy and most of endoscopic and radiological modalities including angiography can help in diagnosis. Hemobilia can stop spontaneously and if patient still have continuous or intermittent bleeding then immediate selective angiography needed as diagnostic and therapeutic and considered to be the cornerstone of management. (26) 
Biliary peritonitis
Biliary peritonitis is the second most frequent serious complication after hemorrhage and can occur in 0.03%-0.22% and usually occur in the presence of biliary obstruction and can be in other patients secondary to gallbladder perforation. (24, 27) The patient is usually presented with severe abdominal pain and vasovagal hypotension immediately postbiopsy and this may be followed by fever, leukocytosis and ileus. Painless bile collection in the peritoneal cavity has been described. Radiolgical investigations like ultrasonography or computed tomography scan may identify an intra-abdominal collection of bile, and bile leaks may be demonstrated by ERCP. Conservative management is recommended with intravenous fluids, antibiotics and pain control and in case of clinical deterioration surgery may be needed. (27) 
Pulmonary complications
Pulmonary complications post liver biopsy is considered to be rare and this can occur if needle biopsy passed in the costophrenic angle above the reflection of between the parietal and the visceral pleura. The patients can develop pneumothorax and hemothorax and also hydrothorax can be developed in cirrhotic patient with ascites by passage of ascitic fluid through the puncture site on diaphragm. (20, 21) The incidence of pneumothorax and/or pleural effusion occur in the range of 0.08 -0.28% and the symptoms usually mild and pulmonary collapse not exceeding 10%. (28) Hemothorax post liver biopsy is also rare with incidence of 0.18%-0.49% and this can be managed conservatively and rarely need thoracotomy. (28, 29, 30) There is no role for angiogram with embolisation of diaphragmatic vessel for the treatment of hemothorax, as blood supply to the parietal diaphragm arises from vessels from the chest wall and abdominal wall. (31) 
Sepsis
Sepsis and septic shock post liver biopsy is considered to be rare and can develop occasionally in patients with biliary obstruction. Inconsequential transient bacteremia has been reported in 5.8 to 13.48% of patients, therefore prophylactic antibiotics are not recommended for the routine use in patients undergoing liver biopsy, including those with risk factor for endocarditis. (28, 32, 33) 
Other complications
Other rare complications after percutaneous liver biopsy include perforation of abdominal organs which is well tolerated and not require specific treatment, subphrenic abscess, and pancreatitis secondary to hemobilia. Needle track seeding following biopsy of malignant tumor of liver have been reported and some authors recommend liver biopsy only for patients who are not a candidate for surgical resection. (21, 34, 35) 
Fine needle aspiration
Fine needle aspiration (FNA) is a technique used under ultrasound or CT scan guidance in those patients with focal hepatic lesions and at risk of bleeding. The diagnosis accuracy range from 80 -95% and the cytologic findings that are negative for cancer do not rule it out. An important precaution is to choose the path of the needle in which normal tissue is interposed between the liver capsule and the lesion and to make as few needle passes as possible. FNA biopsy is generally a very safe procedure, even in patients with hemangiomas and echinococcal cysts and is associated with a low risk of seeding of the needle tract with malignant cells. (3, 36, 37, 38, 39) 
Transjugular liver biopsy
Transjugular liver biopsy was first described experimentally in 1964 and in human subjects at 1967 and usually through transjugular catheterization of the hepatic veins. Liver tissue is obtained from within vascular system and this minimizes the risk of bleeding. (40, 41) It is performed in a vascular catheterization laboratory with video fluoroscopy equipment and cardiac monitoring because of the risk of cardiac arrhythmia as the catheter passes through the right atrium. The duration of the procedure is between 30 and 60 minutes and adequate specimen was obtained in 97%. (3, 42) Although not easy, this technique is safe and preferable in the management of selected patients with coagulopathy and risk of bleeding, moderate to severe ascites, massive obesity, small cirrhotic liver and patients with suspected vascular tumor. (43) The total complication rate in 7469 transjugular liver biopsies reported in 62 series published between 1978 and 2006 was 7.1%, 3.5% were related to liver puncture while 3.3% were not. (43) The major complications of transjugular liver biopsy are rare and occur between 0.01 to 0.2% and may include large hepatic hematoma, intraperitoneal hemorrhage, inferior vena cava perforation, renal vein perforation, ventricular arrhythmia, pneumothorax and respiratory arrest. The patients may also get some minor complications like pyrexia, abdominal pain, neck hematoma, transient Horner's syndrome, transient dysphonia, subclinical capsular perforation, formation of a fistula from the hepatic artery to the portal vein or the biliary tree and all these complications can occur in 0.01 -1.6%. Deaths can occur in 0.1% of patients mainly secondary to intraperitoneal hemorrhage or ventricular arrhythmia. (43) 
Laparoscopic liver biopsy
A laparoscopic liver biopsy is another method for obtaining liver tissue and may be done solely or may be part of another operative procedure and this allows direct inspection of the liver surface prior to the biopsy, demonstrate cirrhosis in almost all patients and allow direct compression of the biopsy site if bleeding is excessive. (44) It has also been used in centers where access to transjugular liver biopsy is not available, for patients with abnormal clotting parameters, and also in patients who have a combination of a focal liver lesion and a coagulopathy where a histological diagnosis is essential in the management of that patient. (42) The complications of laparoscopic liver biopsy include vasovagal reaction, seizure, abdominal wall hematoma, abdominal viscus perforation, hemobilia, splenic laceration, bleeding and prolonged abdominal pain. (45) 
Conclusion
We conclude that in properly selected patients and after exclusion of risk factors for complications, liver biopsy is considered to be safe outpatient procedure and still the gold standard method and definitive diagnostic test for difficult cases of liver diseases.
